Previously determined biological and physico-chemical properties of Lake Manyas are employed in modelling the sensitivity of water quality and ecosystem integrity to the (a) water residence time and (b) nutrient inputs from anthropogenic sources. In that context, simple ecological conceptual models are simulated for predicting changes in the aquatic ecosystem with respect to these driving variables. Results yield thresholds where major changes in system behaviour are expected. Based on model predictions, recommendations for the restoration of water quality and ecosystem integrity are made.
Introduction
Manyas is a eutrophic shallow lake first recognised by Kosswig (1938) In a previous work (Karafistan and Arik-Colakoglu, 2005 ) it was shown that at certain times the quality of the lake water deteriorated from the awarded Class A type to lesser degrees, due to runoff from the surrounding chemical industry, farming, and poultry wastes. Accumulation of such a nutrient load in the form of dissolved nitrate and phosphate from insufficiently treated polluting sources gives rise to the phenomenon known as eutrophication (Vollenweider, 1968; Jørgensen, 1976) . When migratory bird-borne nutrients are added to the anthropogenic pressure, further degradation of the water quality can be expected in the food web. For example, the phytoplankton communities, the growth of which is limited by nitrate and phosphate availability, occupy the lowest trophic level of the food web. This was first formulated by Redfield (1958) as an N/P ratio for unicellular organisms; it remains constant in the open sea, but usually varies with respect to the productivity of each area. As a consequence, the specific plankton growth rate is limited by the local distribution of the least abundant nutrient. According to Schindler (1974) , in the cases of nutrient limitation of primary productivity, phosphorus supply is the most regulating stressor in contrast to generally nitrogen limitation in saline water (Oviatt et Schindler (1977) , phosphorus limits primary productivity in most of the Nordic lakes in contrast to nitrogen in tropical lakes and most of the world's oceans. In estuaries, transitions from phosphorus limitation in fresh water to nitrogen limitation in saline water may occur . Diversity and changes in the plankton species depend, indeed, on many different biotic and abiotic aquatic factors. The most important, such as intensity and frequency of nutrient loading, and selective grazing of zooplankton and fish, have to be defined appropriately in a predictive model (Jørgensen, 1992) The main purpose of this work was to assess the direct impacts of water retention on the Manyas ecosystem by conceptual modelling. First, parallel to the nature of the variable water level, the external effects of a riverine phosphate upload on the plankton dynamics are investigated by a simple eutrophication model. Further, the long-term consequences of nutrient load on plankton biodiversity are evaluated by a multi-parameter conceptual modelling approach.
The results are discussed with mention of sustainable monitoring and restoration plans for Lake Manyas.
Study area and data
The sampling area, presented in Figure 1 
Conceptual modelling
From the field measurements of 2002-2003 it was observed that, water quality of Lake Manyas varied in space and time, due to many stressors. For modelling purposes, water level variations could be considered as one parameter and the nutrient load as another. For short-term and urgent restoration of water quality, the conceptual ecological modelling approach was found to be useful.
Case I: 3-parameter variable flow model
Starting from the assumption of an artificially variable water flow rate, a 3-parameter eutrophication model (Model I) was constructed. Effects of water level fluctuations on the continuity of the population dynamics were modelled as schematised in Figure 4 . 
Model I results
In the 3-parameter model simulations with a suitable water residence (minimum 4 years), favourable conditions occurred around 10 April, where abrupt phosphate depletion was followed successively by the phytoplankton and zooplankton peaks. The 2-year population dynamics cycle thus obtained is given in Figure 5 . The maximal values reached were 27.7 µ mol of phosphate, and 18 for phytoplankton and 0.04 zooplankton counts per litre, which seemed realistic for this lake. These cycles repeated at the same amplitudes for 2 years. If the retention time of water was shortened, the population dynamics did not reveal the expected seasonal peaks; neither reproduced a periodicity. Simple conceptual model simulations based on 3 parameters and a variable water flow indicated that intervention in the water level might affect the overall ecosystem dynamics and the seasonal population dynamics. 
Case II: multi-parameter ecological model
The 3-parameter plankton succession model was extended to 8 parameters (hereafter Model II), by distinguishing plankton diversity with respect to their nutritional needs, as well as the predator-prey relations. Thus, Model II was based on the diversity of the phyto-and zooplankton populations, with respect to their growth-limiting nutrient. The assimilation rates were taken as Michaelis-Menten type (Droop, 1975) , and the plankton mortality was assumed to depend directly on the availability of the most limiting nutrient. Zooplankton was divided into 3 groups (herbivorous, omnivorous, and carnivorous) as schematised in Figure 6 , by conceptual diagrams connecting these 8 variables. Interactions between different groups were expressed as a function of the limiting nutrients. Taking into account competition between species as well, evolution of population dynamics was expressed by 8 equations for the 8 unknown state variables. They were solved numerically in the same way as for case I.
Model II results
From the simulation results given in Figure 7 , it is seen that the population dynamics of the smaller phytoplankton followed that of diatoms. If the initial simulation time was started again on 10 April, a conceptual similarity between measurements and model results was established on a short seasonal scale and between species, but this did not continue for a longer timescale.
KARAFİSTAN/Turkish J Eng Env Sci Considering the high variability of the N/P ratios in both space and time, in Model II we have investigated the role of nutrient availability in the distribution of diverse plankton populations close to the Natural Park (Station 2). In this selection not only the external P-loading but also the internal nitrogen cycling was considered in a conceptual modelling framework. Here, the phytoplankton growth was limited by the least abundant nutrient, the uptake of which was formulated in the form of a ratio depending on species composition (Andersen and Nival, 1989) . Results thus obtained can be compared with the measurements presented in Figure 3c for Station 2. Since the units are not the same they cannot be compared directly but on a short seasonal scale the trends in the population dynamics are parallel. Model II results obtained for organic matter can be compared with the high sedimentation rates measured by Leroy et al. (2002) . This implies that the external pressure of nutrient input and water level variations should be completely minimised as a restoration plan.
Discussion
For the shallow and eutrophic Lake Manyas, succession of the plankton dynamics in a variable water column was represented by means of conceptual modelling. Consequences of an increasing nutrient load, and water retention for land use, were investigated. In the first case, by means of a 3-parameter eutrophication model the seasonal overall plankton dynamics was adequately represented as a function of the phosphate availability 
Conclusions
The 
